Public procurement is increasingly viewed as having important potential to drive innovation. Despite this interest, numerous barriers prevent the public sector from acting as an intelligent and informed customer. This paper seeks to understand how barriers related to processes, competences, procedures and relationships in public procurement influence suppliers' ability to innovate and to reap the benefits of innovation. We address this by exploiting a dedicated survey of public sector suppliers in the UK, using a probit model to investigate the influence of structural, market and innovation determinants on suppliers' perception of these barriers.
Introduction
The use of public procurement to stimulate private sector innovation has been a much-debated issue of late, particularly in the context of so-called 'demand-side' innovation policies (Edler et al., 2006; OECD, 2011) . While this debate is not new, it has seen a renewed impetus in policy discussions in the European Union (Kok, 2004; Aho et al., 2006) and across the OECD (Myoken, 2010; OECD, 2011) . For instance, the OECD (2011) examined a range of experiences in the use of targeted demand-side innovation policies, including public procurement, regulation, standards, user-led innovation initiatives, and 'lead market' policies (see also European Commission, 2007) . Further, the Europe 2020 strategy includes public procurement as one of the key market-based policy instruments for smart, sustainable and inclusive growth (European Commission, 2010) .
It has been argued that public procurement can help counteract market and systemic failures hindering innovation (Edler and Georghiou, 2007; Edquist and Zabala-Iturriagagoitia, 2012) . Put simply, the public sector can overcome market failures by enlarging the market for certain goods and services, thus ensuring sufficient critical mass to encourage R&D investment. The public sector also influences standards through procurement, thus facilitating diffusion (Blind, 2013) . Public procurement can also help offset systemic failures by enabling interaction between users and potential suppliers, and by articulating and signalling unmet needs to the market. While the flexibility for interaction during a procurement process is regulated in all countries that are part of the Government Procurement Agreement in the WTO and EU Directives, there is still is ample room for general engagement to signal market needs upstream, and a range of legal procedures such as Competitive Dialogue allow for controlled interaction even during the procurement phase (Arrowsmith and Treumer, 2012; Treumer and Uyarra, 2013) . Finally, the use of public procurement has been associated with the emergence of so-called 'lead markets' (see e.g. Geroski, 1990 , Georghiou, 2007 Edler and Georghiou, 2007) .
Innovation scholars have provided empirical evidence of the impact on innovation of public procurement vis-à-vis traditional innovation policy instruments. For instance, Rothwell and Zegveld (1981) found that procurement was more likely to generate innovations than R&D subsidies. Geroski (1990) reviewed a series of innovations emerging from public procurement and concluded that, provided certain conditions were met, procurement was an effective means to stimulate innovation. Aschhoff and Sofka (2009) contrasted the effects of procurement vis-à-vis other instruments (regulation, R&D subsidies and university research) on the innovation activities of German enterprises and found that both public procurement and the provision of knowledge infrastructure in universities had positive Contents lists available at ScienceDirect journal homepage: www.elsevier.com/locate/technovation effects on innovation success. Using Innobarometer data for 2006 , Guerzoni and Raiteri (2012 also observed that public procurement had a greater influence in stimulating firms' innovation behaviour than R&D subsidies, but noted that the strongest effects on innovation occurred when both instruments were combined.
Despite this body of work, few studies have investigated in detail the specific conditions or mechanisms within public procurement that actually lead to, or hinder, innovation (Geroski, 1990; Rothwell and Zegveld, 1981) . Given the multitude of practices and procedures involved in the procurement process, what matters in order to inform policy design and implementation is not so much whether it can influence innovation but how and under what conditions that impact takes (or could potentially take) place. This is an important issue because, despite the perception of procurement as something of a policy panacea and repeated efforts to put procurement budgets to work to drive innovation, efforts have been met with limited success (NESTA, 2012) . Barriers to effective implementation, including organisational, regulatory, skills and the inherent risk aversion of the public sector, have been documented in the literature (see e.g. Wilkinson et al., 2005; Rolfstam, 2013) . However this evidence tends to be anecdotal, case-study based and at times not consistent. This article provides a contribution in that it uses a dedicated and original survey to capture the perceptions and experiences of a broad range of suppliers, including small firms and third sector organisations (not-for-profit and non-governmental organisations), across different sectors and areas of the public sector. This paper thus underpins, qualifies and amends existing evidence by shedding a quantitative light on these questions: What are the main barriers that prevent the government from capturing innovation through public procurement? How do different types of suppliers experience these barriers? More specifically, the paper investigates the influence of structural, market and innovation determinants on suppliers' perceptions of these barriers.
We analyse this issue by looking at the UK and in particular we draw from a dedicated survey of 800 suppliers to the UK public sector. The UK is an interesting case to assess the development of these policies because it is considered a 'first mover' in the promotion of policies and initiatives seeking to stimulate innovation through public procurement, as well as addressing the modernisation of public procurement more generally. In addition, and given the extent of private and third sector involvement in the delivery of public services, its 'public services industry' is generally considered to be one of the largest and the most developed in the world (Julius, 2008) . Therefore the UK experience offers interesting lessons for other economies with similar agendas of privatisation and public sector reform. This paper is structured as follows. In Section 2, the paper reviews the literature that addresses the key conditions or mechanisms in the procurement process that are seen to influence the effectiveness of procurement in stimulating innovation. The paper seeks to investigate how government suppliers perceive these aspects. We address this by means of a survey of suppliers and we use a probit model to ascertain the influence of structural, market and innovation variables on their perception of those barriers. Section 3 explains the data, the variables, and the approach for our econometric analysis. In Section 4 we present the results and the final section discusses the findings and draws some conclusions and implications for policy.
Theoretical framework and key assumptions

Policy effort to boost public procurement of innovation -and their limits
Public procurement refers to the acquisition of goods and services by government or public sector organisations. Public procurement is first and foremost a vehicle allowing public sector organisations to perform their functions and deliver key services effectively. This notwithstanding, a growing body of scholars and policy makers throughout the OECD have recognised that by purchasing innovative products and solutions the public sector can not only deliver services more effectively and efficiently but also influence the innovation activities of private firms (The Economist, 2010; OECD, 2011) . Public procurement of innovation has been associated with instances where public agencies act to purchase, or place an order for, a product-service, good or system that does not exist at the time but which could be developed within a reasonable period; that is, that requires innovative work to fulfil the demands of the buyer (Edquist and Hommen, 2000; Edler et al., 2006) . This contrasts with 'regular procurement', where governments place orders for 'off-the-shelf' products.
A renewed interest in the use of public procurement to drive innovation, and in so called demand-side innovation policies more generally (Edler, 2010) , has emerged as a result of a perception of a relative failure of traditional, mainly supply-side, policies, to improve innovation performance (OECD, 2011) . In addition, the rationales exercised for the use of public procurement have broadened (including the pursuit of further societal outcomes such as local employment or sustainability) (McCrudden, 2007) , in parallel with a change in the understanding of innovation (from an R&D-centred, linear view to systemic approaches to innovation) and a realisation of the potential of the public sector as an innovator in its own right (Flanagan et al., 2011) .
Initiatives to advance this policy agenda have proliferated in recent years both in OECD countries and emerging economies (Georghiou et al., 2010; Li, 2011; OECD, 2011; Uyarra, 2013; Lember et al., 2013; Vecchiato and Roveda, 2014) . Such initiatives vary strongly in their rationales and implementation modes, a reflection of national differences in the governance and structure of public procurement, different objectives associated with this policy across countries and policy sectors but also the inherent complexity of procurement processes (Dimitri et al., 2006) . Georghiou et al. (2013) elaborate a policy framework and taxonomy of such interventions based on the functions supporting the procurement of innovation and the deficiencies they seek to remedy. Interventions may for instance address framework conditions for procurement (legislation, governance frameworks), organisational arrangements and capabilities for innovation procurement, the identification, specification and signalling of needs, and the provision of incentives for suppliers to take up innovative solutions.
The UK has been particularly active in this area in the last decade, introducing a host of initiatives and reforms in order to mobilise the use of procurement to support competitiveness and innovation (for a review see Uyarra et al., 2013) . However, the implementation of such strategies and initiatives has been reported as being slow and fraught with difficulties. For instance, the Office for Government Commerce (OGC, 2004) noted that the public sector was failing to fully 'capture innovation' through procurement. In his review on creativity in business for HM Treasury, George Cox argued that, despite much progress in shifting the policy agenda, changing procurement practices remained an important challenge, a difficulty compounded by the fragmented nature of procurement in the UK (Cox, 2005) . The 2008 'Innovation Nation' White Paper similarly concluded that "procuring innovative solutions has tended to be a low priority" (DIUS, 2008: p.23 ; see also Heseltine, 2012) .
Indeed, despite a generalised optimism regarding the potential of procurement to stimulate commercial innovation, the challenges are considerable. This paper thus aims to better understand what prevents suppliers from proposing innovative solutions. A better acknowledgement of such barriers should facilitate an adapted and more differentiated policy response to make the procurement of innovation more effective when and where it is required.
Conditions for and barriers to capturing innovation through public procurement
Metcalfe and Georghiou (1997) pinpoint four dimensions underpinning innovation in firms: the awareness of the set of innovation opportunities, the capabilities to seize these opportunities, the set of resources they can command to innovate, and the incentive structures rewarding innovation. Procurement can influence these dimensions and thus encourage or hamper innovation in different ways, for instance through aggregating contracts, setting standards, dealing with intellectual property rights, engaging with suppliers to inform specifications, or enabling a level playing field through tendering procedures (OFT, 2002; Uyarra and Flanagan, 2010) . A number of barriers can in turn prevent the public sector from 'capturing innovation'. These include inadequate early warning, lack of engagement between procurers and suppliers, overly prescriptive and burdensome procurement processes, risk aversion, and procurement capability shortfalls (OGC, 2004; House of Lords, 2011) . This section discusses these barriers in detail and formulates some assumptions as to their perception by different types of suppliers. These assumptions are the yardstick against which we analyse our data.
Procurement capabilities
In comparison with the procurement of off-the-shelf goods for the lowest possible price, the procurement of innovation requires a greater degree of in-house competence (Rothwell and Zegveld, 1981) . A shortage of commercial skills among procurers has been commonly found to limit engagement with the marketplace and the development of closer supply relations. In a survey of public procurers in small countries in Europe, Georghiou et al. (2010) identified a lack of sufficient procurement expertise for complex purchases involving innovation as well as an absence of formal training for procurers. In the UK, a review for the Cabinet Office by Green (2010) noted that commercial skills were very inconsistent across central government. Considerable corporate capability constraints have been identified for English local authorities (Byatt, 2001) . Skill constraints in turn significantly hinder the adequate use of potentially more 'innovation-friendly' procurement procedures such as competitive dialogue (HM Treasury, 2010a) . Indeed, as the HM Treasury (2010:p.7) notes: "the outcome of a procurement will be influenced as much by the capacity and capability of those party to the process as by the nature of the contract to be delivered".
Particularly at lower levels of governance and in procurement systems that are decentralised, there may be a shortage of professional procurers and therefore the lack of skills for innovative purchasing becomes an important challenge (Uyarra, 2010; OECD, 2011) . Our assumption is that suppliers to areas of the public sector that are more fragmented, such as the National Health Service (NHS) and local government, would be particularly concerned about the capacity of procurers. Further, innovative firms and firms with a stronger commitment to R&D would be more sensitive to a perceived lack of expertise on the side of procurers and see it as a strong barrier to supplying innovative goods or services. We would also expect this barrier to be particularly acute in the procurement of complex goods and services such as construction related projects.
Management of risks associated with procuring innovations
Risk aversion of public agencies has also been identified as a barrier to the procurement of innovation (HM Treasury, 2005; DIUS, 2008) . Decision making in the public sector is affected by strong expectations regarding transparency and accountability (Tsipouri et al., 2010) . Accordingly, risk management in the public sector entails "having in place a corporate and systematic process for evaluating and addressing the impact of risks in a cost effective way and having staff with the appropriate skills to identify and assess the potential for risks to arise" (NAO, 2000: p. 2). The importance of risk management increases when the R&D itself is part of the procurement (Tsipouri et al., 2010) . Georghiou et al. (2013) describe how some OECD countries have introduced measures to reduce uncertainty or offset the perceived risks of purchasing innovations, for instance through the provision of financial incentives, insurance guarantees and the use of quality certificates.
In line with Tsipouri et al. (2010) , our assumption is that how risk is managed is a particularly important consideration for suppliers that invest more in R&D. Procurers may be risk averse and unwilling to take up new solutions and suppliers may be reluctant to invest heavily in R&D and innovation activities if they fear that they won't get the necessary return.
Buyer-supplier interaction
OGC (2004) suggests the need for early interaction in procurement in order to better 'capture innovation'. Systems of innovation approaches emphasise the interactive nature of innovation and in particular the influence of users and user-producer interaction in the production of innovations. Interaction in procurement can create an environment of trust that reduces opportunism, the need for costly monitoring and general transaction costs associated with exchange in instances where there is information asymmetry (Erridge and Nondi, 1994) . Close and early engagement with suppliers can also allow access to industry knowledge not available in-house that can be used to draw better tender specifications (Uyarra, 2010) . However, in procurement, interaction and communication between public buyers and potential suppliers can be constrained by lack of skills, risk aversion or too rigid an application of procurement procedures and practices (Erridge and Greer, 2002) .
As mentioned in the introduction, public procurement has the potential to bridge end users and potential suppliers, particularly in those instances where procurement is conducted on behalf of end users other than the procuring public agency or authority (e.g. in services such as health or social care). However, interaction with final users is often hindered by lack of communication within organisations between the procurement function and operational or service areas that are closer to end users' needs (Uyarra, 2010) . Centralised procurement functions within organisations and/or a lack of cross-functional team working in procurement can thus lead to a structural disconnect between potential suppliers, users and buyers.
The need for communication is the more important the greater the number of parties involved and the greater the need for user engagement (Caldwell et al., 2009) . We would therefore assume that suppliers in the construction sector or health, or in personal services such as social care, are more likely to perceive insufficient interaction as a barrier. It is also expected that a lack of interaction would affect suppliers with different innovation profiles differently. We would thus expect it to be a concern for R&D intensive organisations, and for organisations introducing service innovations that rely on greater user interaction.
Public demand for innovation
The above discussion relates to the potential key role of the public sector as 'intelligent' or 'demanding' client or customer. Suppliers will adapt to the signals of public demand and respond with innovative solutions if they see the public sector as a demanding customer (Uyarra and Flanagan, 2010) . As Geroski (1990: p.189 ) noted, "procurement policy is […] successful in stimulating innovation when […] it leads to the expression of a clear, consistent set of needs towards which innovative efforts can be directed". Lack of market demand has indeed been identified as a key obstacle for innovation generally (Gallup, 2011) , public demand being especially important in sectors such as construction, transport or healthcare or in those instances where the public sector is a 'first user' of the innovation (Dalpé et al., 1992; Rothwell and Zegveld, 1981) . We therefore assume that the lack of public sector demand for innovation is a stronger barrier for suppliers in certain sectors and for suppliers with a stronger commitment to R&D and product innovation, since early demand encourages investment to enable such outcomes.
Tender specifications
The influence of procurement on innovation is also shaped by the nature of tender specifications. Specifications phrased in terms of outcomes or performance are considered to be better at allowing industry to propose innovative solutions (Rothwell and Zegveld, 1981; Geroski, 1990) . Conversely, innovations may be less likely when specifications are made too rigid and narrow. Such rigidity prevents suppliers from proposing innovative ways of delivering outcomes. While there is increasing awareness of the importance of outcome specifications (and procurers are increasingly incorporating them in their tenders), there is a range of reasons why they are not used more comprehensively (see e.g. the Byatt, 2001 ), such as general inertia and transaction cost of change, and the additional requirements for tender evaluations, including development of defendable evaluation criteria and methodologies. As Edler et al. (2005) have shown, the extent to which innovation can be supported through public procurement depends on the formulation of functional specifications and the availability of a variety of skills to evaluate tenders. Procurers often fail to review or market test these specifications, not questioning whether they may be stifling innovation and raising costs. This inertia constrains both innovation and opportunities to achieve savings, as different and over-specified requirements may co-exist for identical services and purposes (Uyarra, 2010) . In terms of differentiation by supplier types, we would expect organisations that are more innovation active to be especially sensible to such rigid specifications as they would perceive that the public sector is unwilling to consider different, potentially more innovative, solutions.
Incentives for the supply of innovative solutions
Even if the public sector demands innovation, incentives may not be in place for that innovation to be realized. As Cabral et al. (2006: p.485 ) note "the buyer must ensure that the suppliers have enough incentives to invest in the innovative knowledge that will eventually be incorporated in the goods it needs". In order to provide greater incentives to innovation, procurers may decide to pool resources to provide bigger (or longer) contracts, harmonise and standardise requirements, or aggregate demand to exploit their purchasing power. By enlarging the market for certain goods, the public sector can reduce uncertainty by guaranteeing a certain return of investment associated with the development of new products and processes. Contrariwise, fragmentation of public demand can limit potential scale effects and thus discourage investment in innovation (Edquist and Hommen, 2000) . This is particularly relevant in those industries characterised by heavy R&D requirements and substantial economies of scale in production (Porter, 1990) . We would expect that contracts that are perceived not to be substantial enough would be a disincentive and therefore a barrier to innovation for those firms that invest in R&D, for larger and more innovative firms, and in sectors such as construction.
Management of IPR
In developed OECD economies, public procurement is embedded within a clear set of IPR rules. However, IPR rules leave some flexibility as to how IP is allocated in different procurement procedures. The way this is done influences the incentive structures of suppliers within public procurement procedures. In many instances, standard terms and conditions mandated by the government do not contain any provisions covering intellectual property ownership or licensing conditions (Wilkinson et al., 2005) . In other cases, the purchasing agency takes on full IPR ownership. The European procurement directives allow the transfer of intellectual property to the supplier, however this tends to be the exception (Wilkinson et al., 2005) . This notwithstanding, we assume that a poor management of IPR would be perceived as a strong barrier by certain suppliers, particularly those more committed to R&D and innovation.
Access to tenders and other process related constraints
As it has become evident so far, the intentional use of public procurement to promote innovation faces a number of challenges. Additional difficulties associated with taking this agenda forward include the ability of SMEs to access public sector contracts and thus their potential to deliver innovative solutions (Glover, 2008) . Securing SME participation is particularly important when the number of bidders is low and more competition needs to be stimulated (Yukins and Piga, 2012) . Constraints include regulatory complexity, potential conflicts between policy objectives, a perceived lack of a level playing field, high entry costs or complex procurement processes.
The structure of public tendering (particularly the use of large bundled contracts, or selection criteria privileging size or experience) may reinforce incumbents' advantages and lock SMEs out of the market (Cabral et al., 2006) . Breaking down tenders, either in smaller contracts or geographically, can increase SME participation (GHK, 2010) . Other practices enabling access include the provision of information, through e.g. web portals and other forms of notification, improving dialogue with SMEs and simplifying tendering procedures (GHK, 2010 ).
An additional concern relates to the provision of good quality feedback to unsuccessful businesses which could help improve SME capacity (Glover, 2008) . Suppliers, especially SMEs, may also be negatively affected by fragmentation in the way procurement is conducted and by a lack of consistency in how public sector needs are transmitted to the market. Lack of consensus over priorities, inconsistent definition of needs, or even frequent changes in policy would have the effect of increasing uncertainty and decreasing the likelihood of innovation (Rothwell and Zegveld, 1981; Uyarra, 2010) .
Associated concerns include a lack of openness on the part of the public sector to receive and take on board unsolicited ideas from suppliers and a lack of appreciation by procurers of suppliers past performance, particularly in relation to the successful delivery of innovative goods and services to the private sector. Public sector procurers may fail to appreciate previous innovations serving private markets, which could be incorporated and/or adapted into the public sector realm. This lack of spillovers between the private and private sector may diminish the potential catalytic effect of procurement on innovation.
Methodology and data sources
This paper draws from a dedicated survey of suppliers to public sector organisations in the UK. The survey was conducted using computer-assisted telephone interview (CATI) by the UK survey company Harris Interactive during May and July 2011 and addressed general managers or heads of public sector contracts and addressed general company managers or heads of public sector contracts. The 'order effect' on responses is minimised by allowing randomisation of answer choices.
The focus of the survey was to understand the elements that act as barriers and drivers to stimulating innovation in the procurement process. The survey asked for information on a wide range of issues related to the innovation activities of supplier firms, the types of procurement they are engaged in, as well as general perceptions on the main practices and competences of procuring organisations, including perceived barriers to innovation.
By public sector organisations, we mean UK central government departments, local government and NHS in England, which constitute the lion's share (around 90 per cent) of public procurement spending in the UK (HM Treasury, 2010b) . In order to identify a sampling frame of organisations that had supplied to the public sector, we used publicly available information on government contracts during 2010. This included suppliers to the NHS in 5 of the 9 English NHS regions, 93 Local authorities in England, and 97 department entities belonging to all of the 25 central government departments in the UK. Only 'core suppliers', or organisations whose aggregated annual contracting with the public sector was above a set threshold of d50,000 in the 2010 financial year were considered. Procurement (particularly at the local level) is characterised by a concentration of a high proportion of spend by relatively few firms, while there is a fairly long "tail" in the distribution of businesses that have quite small contracts by value (Peck and Cabras, 2011 ).
Names of suppliers were then matched with commercial databases (FAME and Companies House) to obtain the details of 8214 organisations. A first round of contacts led to the exclusion of 1619 invalid entries from the sample. Of the remaining organisations, 2724 were not accessible, leaving an effective sample of 4343 organisations. By July 2011 800 full interviews had been conducted, which represents approximately 10 per cent of the original sample, or 20 per cent when considering the effective sample. Our respondents were either general managers or heads of public sector contracts.
Since there is no commonly agreed definition of the public services industry in the UK (Julius, 2008) , we are unable to test how representative our sample is of the total population of public sector suppliers. However we found no statistically significant differences in the number of responses and in the number of refusals by sector of activity, or by areas of government. This said, the survey cannot claim to represent the overall population of organisations supplying to the UK public sector.
The organisations that provide goods and services to the public sector make up a heterogeneous sector, comprising commercial, third sector and publicly owned bodies (Julius, 2008) . Furthermore, it is important to note that organisations supplying goods and services to the public sector often serve both government and private sector markets, so the public sector may be a relatively large or a relatively small influence on their innovation activities. Naturally this would vary across sectors and supply markets. Reflecting this heterogeneity, the sample contains organisations with different degrees of contracting with the public vis-à-vis private sector, private firms and voluntary organisations, large and small organisations, and suppliers in manufacturing as well as in service sector industries (see Table 2 ).
Given the way the sampling frame has been constructed, one potential outcome is the likely under-surveying of the smallest organisations (although micro enterprises are still 10 per cent of the sample). Under representation of micro sized firms is a common concern in studies of firm level innovation processes, leading to a potential over-estimate of population levels of innovation, and investment in R&D (Freel and Robson, 2004) . This however should not compromise the usefulness of our findings.
Variables description and model
Dependent variables
We are interested in procurement related factors that supplier organisations perceive as barriers to innovation. Our first set of dependent variable(s) are extracted from a question where suppliers were asked, from a list of procurement related issues, if they experienced any of them as barriers to innovation and how intensely. The dependent variables were translated into dichotomous values to indicate the importance attached by the supplying organisation to each type of barrier to innovation. Each variable takes a value of one if that particular feature is perceived as a barrier (either very significantly or moderately significantly) and zero otherwise. Our second set of dependent variables stem from a question where respondents were asked to agree to a number of statements related to the procurement process and take a value of 1 if they agree and 0 if not. The original question and the responses are shown in Figs. 1 and 2 below.
Each set of dependent variables are analysed separately. We use techniques for binary outcomes, that is, probit regression models. In the first step, we analyse univariate probit models, separately for all dependent variables. In the second step, to capture the possible interdependence of the barriers we employ a multivariate probit model. The multivariate probit model generalises the bivariate probit model, which is a natural extension of the probit model that allows more than one equation with correlated disturbances. Then, disturbances across equations are allowed to 
Independent variables
Given the sectoral variation in terms of technological sources and opportunities which impinge upon innovation performance (Pavitt, 1984) , analysis of innovation activities must, in principle, control for sectors. Standard industrial classification categories are however less appropriate to capture sectoral variety in public procurement, given the specific nature of the government service market and the greater weight of certain service sectors (Atkinson, 2005) . The government services market is generally characterised according to activities such as professional services, facilities management, construction services, IT services and products, and professional services (DCLG/PwC, 2006; Julius, 2008) . We follow a similar approach in this study and differentiate between facilities management, professional services, social services, suppliers of IT & office equipment, healthcare supplies and services, and works. In order to understand sectoral variation, dummies for the different (self-reported) supply markets are therefore created.
Variables are also included to account for the size of organisations and innovation characteristics. Within the latter we introduce dummy variables to distinguish whether suppliers have introduced a product innovation that is 'new to the market', a service innovation that is 'new to the market' and whether the organisation has invested in R&D in the last three years. As innovation measures, we choose 'new to the market' products and services to better reflect our working definition of public procurement of innovation as the 'purchase of a product-service, good or system that does not exist'.
Variables are also included in order to account for different areas of the public sector. Procurement of social services is mainly concentrated in local government, whilst procurement of healthcare equipment, supplies and services is mostly responsibility of the NHS. Central government departments procure a greater diversity of goods and services. We have therefore created a dummy to indicate whether the main customer is central government.
Third sector organisations are increasingly encouraged to take a greater role in public sector delivery, yet they face specific barriers when tendering for public contracts, including the short-term nature of contracts and competitive tendering and decisionmaking procedures (Home Office and OGC, 2004) . Most third sector organisations are also suppliers of social services, so we have included a dummy variable for the former but not for the latter to prevent multicollinearity. Table 1 presents information on the variables used in the analysis.
The descriptive statistics are presented in Table 2 and the correlation matrixes are presented in Tables A3 and A4 in the Appendix. Correlations are generally low to moderate, which indicates that there is a low risk of collinearity.
In order to better understand and contextualise these barriers, additional information has been extracted from an open ended question included at the end of the survey, which gave the respondents an opportunity to add further considerations, clarifications and/or recommendations. These responses are used to corroborate, contextualise or provide a new angle to the analysis. These responses, though helpful to contextualise results, need to be taken with some caution as these may be biased in the light of the questions that precede them.
Discussion
The main barriers reported by firms refer to the lack of interaction with procuring organisations, the use of overspecified tenders as opposed to outcome based specifications, low competences of procurers and a poor management of risk. Additional key concerns include (lack of) feedback from unsuccessful bids, a low appreciation of unsolicited ideas and previous private sector delivery history, and the difficulties for participation posed by pre-qualification procedures and conditions. Tables 3 and 4 show the results of the univariate probit models. Table 3 contains the eight equations estimating the eight barriers to innovation. Table 4 shows the results for the probit models estimating the additional seven process-related barriers. Tables A1  and A2 in the Appendix in turn show the results of the multivariate probit models that we conduct to improve the robustness of the results and test for complementarities between the dependent variables. The results of both sets of models are largely consistent.
As elaborated below, we find evidence of the relative relevance of certain firm, sector and innovation related characteristics on the perception of these barriers.
Firm characteristics
As expected, firms of different sizes have different perceptions of barriers in relation to the influence that size of contracts have on innovation. Larger firms are particularly sensitive to contract size. Indeed, and as noted in the literature, too small or too short public contracts may act as a strong disincentive to innovation. Demand may in this case not be sufficiently large to pull innovation (let alone encourage them to participate in the tender). How risk is managed is also perceived strongly as a barrier by larger firms.
By contrast, the smaller the firms the greater the difficulty large contracts pose for their participation in tenders. Size is also related to whether information about tender opportunities is perceived to be sufficient. Smaller firms are also particularly concerned about the variable quality of feedback or lack thereof. As one respondent put it: "Some [feedback is] really good, some very bad. Doesn't help for next bid."
As expected, smaller firms feel that pre-qualification procedures and/or conditions discourage them from participating in tenders (see Table 4 ). As one supplier noted: "We have to provide the same information in a different format -this is a waste of time at the pre-qualification stage". Another supplier shared the same sentiment by stating: "The whole process is time consuming, completely ridiculous and puts pressure on small businesses."
Social enterprises have specific concerns. Prior studies have noted the uncertainty faced by third sector suppliers when competing in the procurement market (Cloutier-Fisher and Skinner, 2006). For instance one supplier noted: "We always had experience in the tradition of 'Grant Aid'. So making the transition to the structure of full public sector bidding is a huge culture change and shock which requires a lot of changes and learning on our part".
In particular, our results show that too short contracts are a very significant barrier for these suppliers, while at the same time large bundled contracts are a barrier to entry (see Table 4 ). It is important to note however that short contracts are in these cases not just a barrier to innovation but more generally a threat to the survival of these organisations. The following quote illustrates the precarious financial position facing some charitable organisations: "If the contracts were awarded for 3 years a lot of us (voluntary sector) wouldn't have to sit on reserves to have 6 months running costs in case of contracts ending."
Regression results also suggest that, controlling for other things, suppliers that belong to the voluntary sector are also affected by rigid specifications. One supplier for instance noted: "The bidding process should reflect the outcomes relating to people rather than price". Some innovative social enterprises lament that the public sector does not acknowledge or appreciate the "added value of the voluntary sector" and, consequently, their potential to innovate and take risks. Another organisation posited that "our quality of service must stay high because of our ethos".
The public sector is hardly a coherent whole. Rather, as one respondent put it, "knowledge and appetite for innovation differs vastly across different [government] sectors". Social enterprises in particular are concerned about the lack of consistency in procurement across the public sector (as one of them put it, "what is good in one sector (e.g. NHS) is poor in others and vice versa") and consider that "public sector clients need to share knowledge and experience better". Organisations that mainly serve central government departments complain about the lack of demand for innovation, the small size of contracts and the way risk and IPR are managed. Our assumption that suppliers in more fragmented local government and NHS markets are more sensitive to innovation related barriers is therefore not confirmed.
Market characteristics
In relation to market category, we do not find strong differences in the perception of barriers across sectors except for a few supply markets. In particular, organisations supplying goods and services related to works (construction and other services related to the built environment) show a range of concerns. As expected given the relative complexity of the goods and services provided, insufficient demand size acts a strong disincentive to innovation in the sector. Too rigid specifications and, albeit less significantly, the quality of public demand, poor procurement capabilities and risk management practices are also perceived to be barriers to innovation.
Perceptions also differ across sectors in relation to the coherence and consistency of procurement across the public sector. Only suppliers of facilities management services tend to agree that "different parts of the public sector procure similar products and services consistently". Equally, suppliers in construction admit that the public sector recognises private sector delivery history and that feedback tends to be useful. This reflects the dual market (both private and public) nature of such services and a greater professionalisation of procurement processes in construction in the UK (as reflected in sector-specific tendering portals, frameworks and simplified pre-qualification procedures), although bureaucratic purchasing processes may also be associated with perceived barriers such as low demand for innovation and rigid specifications as mentioned above.
Innovation characteristics
The literature has stressed the influence of certain procurement related practices, particularly around contract size, management of IPR and capability shortages, on R&D and innovation. These are corroborated by our findings. We find support for our assumptions that suppliers that undertake R&D activities are more likely to perceive issues such as lack of demand for innovation, size of contracts, rigid specifications, lack of capacities and lack of risk management as barriers to innovation.
In relation to a lack of demand for innovation, a number of R&D intensive suppliers complained that, despite the widespread rhetoric on innovation and procurement, these intentions are not reflected in processes and procedures. This is illustrated by comments such as "the public sector wants to hear about innovation but it won't take on innovative practices", or "for all they ask about innovation they don't want it", or simply "there is not the desire for innovation in public sector procurement".
Related barriers perceived by suppliers conducting R&D include rigid specifications and lack of competences. For instance one respondent noted: "we often find ourselves in situations where the procuring body may be open to innovations but there isn't time or opportunity to secure a departure from that specification." The use of rigid specifications is closely linked with a perceived lack of competences. A supplier thus highlighted that "the majority [of procurers] are 'old school' who are either afraid of, or incapable of understanding the benefits of commercial innovation."
According to suppliers, procedures that are too rigid are linked to a one-size-fits-all approach, whereby procurers "apply the standard generic procurement criteria and process to all procurement projects regardless of the procurement type whether that be a paper clip or the procurement of large specialist fleet."
Lack of skills is related to the likelihood and quality of buyersupplier interaction, also perceived as a barrier by organisations carrying out R&D. One of them emphasised that "as a bidder, you need this dialogue to innovate effectively." This is in turn related to the strong perception among these suppliers that the public sector is not open to unsolicited ideas from the market (see Table 4 ). Management of IPR is also a significant barrier for firms conducting R&D, indeed one supplier questioned the government requiring the ownership of the IPR: "why not give the IPR to the party which will exploit them?"
We find mixed support for our assumption about the influence of certain barriers on organisations that are innovation active. Organisations that have introduced service innovations (new to the market services) are strongly associated with barriers related to contract size, lack of interaction, poor procurement capabilities and management of intellectual property rights in procurement. One such supplier for instance lamented that "there is no direct communication between the bidder and the 'user', all is via the restrictive interface that is the procurer. This results in poor specification and ineffective procurement. If you are going to drive innovation you need that 'face to face' dialogue to get under the skin of the user". This reflects the structural disconnect mentioned in Section 2 between potential providers, users and buyers. In the case of organisations that have introduced product innovations the results are quite different. In this case, suppliers that have not introduced any new to the market products are more likely to report demand, interaction and capability constraints as barriers for innovation.
These results may be explained by the different nature of the markets these suppliers are serving. Meeting public sector demand for certain services is likely to require innovation in the way these are delivered. Social services or professional services are inherently more customised or user oriented, so innovation may 
still take place despite the perceived barriers. In other markets however, suppliers may be able to respond to public sector demand with standard products without the need for innovation. Thus results may be strongly influenced by the nature of the supply markets in terms of the relative importance of public demand and their associated service vis-à-vis product innovations, besides the use or not of 'innovation-friendly' public procurement practices. If suppliers are supplying standard, 'off-the-shelf' goods rather than new products, this may indicate, at best, that the public sector may be responsive to existing innovations but less likely to trigger innovations. At worst, it may indicate a dominance of cost related versus quality related considerations when awarding tenders. Other questions of the survey may provide some additional clues. Organisations that innovate in products are less likely to be influenced by the public sector in their innovation activities when compared with their service innovation counterparts. Indeed, around 62 per cent of new to the market product innovators recognised an influence of public procurement on their innovations whereas for service innovators this was the case for 75 per cent. Product innovators are also more likely to be larger firms serving global as well as domestic markets. As stated by one large product innovating firm "Our group's market is global, so innovation is driven on global scale as opposed to domestic UK."
Although these results merit more investigation, we could venture to suggest that the public sector may be failing to capture innovation from organisations that are innovative and that could either increase their R&D investment, their rate of innovations or supply more of their innovations to the public sector. Equally, it is likely that a lot of potentially innovative suppliers are driven away from the public sector market either by a perceived lack of competence or lack of demand for innovation, or because they are unable to access it given cost related and other process related barriers.
Conclusion and policy implications
The aim of this paper was to shed light on the barriers related to processes, competences, procedures and relationships in public procurement that influence suppliers' ability to innovate and to reap the benefits of innovation. Contrary to previous studies that sought to assess the innovation impact of public procurement vis-à-vis other policy instruments, we were able to look at several aspects in public procurement that are thought to constrain innovation.
We used a multivariate probit model to take into account the complementarities between the different barriers and concerns, as firms may simultaneously experience them. Our analysis tested To the best of our knowledge, this has not been done before. In particular, we tested the impact of different firm, market and innovation characteristics of suppliers on the dependent variables. We also considered other organisational and governance aspects influencing procurement in general and participation of SMEs in particular and, in order to contextualise the results, we complemented these results with specific insights from supplier organisations.
The main barriers reported by firms were a lack of interaction with procuring organisations, the use of rigid as opposed to outcome-based specifications, low competences of procurers and a poor management of risk. Additional key concerns expressed by suppliers included poor feedback, a low appreciation of unsolicited ideas and previous private sector delivery history, and cumbersome pre-qualification procedures and conditions.
We find confirmation that skills and capacity shortages, and related aspect of risk management are seen as problematic by suppliers of construction related services, R&D intensive organisations and larger suppliers. We also find evidence that small contract size is a disincentive to innovation in large and in R&D intensive organisations. The latter are also affected by a perceived lack of demand for innovation, something that suppliers of facilities management and construction related services also experience. Finally, user engagement is an issue for R&D intensive and for service innovating suppliers.
Thus one key finding is that, while being pervasive, many barriers are specific to different product markets. Different suppliers in different sectors and in different parts of the public sector have different perceptions as to whether the public sector is a demanding and intelligent customer.
Our results also suggest that certain organisations encounter greater difficulties arising from the procurement process. Indeed, particular types of suppliers appear to be at a disadvantage by virtue of their size or non-profit orientation. SMEs, and more specifically micro and small firms, perceive certain procurement practices as disadvantageous, particularly the size of contracts, the lack of useful feedback and the pre-qualification requirements. Policy measures trying to ease SME access to public tenders, simplifying procedures, using lots, and promoting better information on contracts thus appear justified, for small firms clearly compete on unequal terms. Equally, suppliers in the voluntary sector feel at a disadvantage by contracts that are perceived to be too large and at the same time not long enough for them to innovate. They are also sensitive to inconsistent requirements and conditions across the public sector and specifications that are often too rigid to unleash innovation in this sector. There is a perception among the surveyed voluntary organisations that their particular idiosyncrasies and their innovation potential (see Nugroho, 2011) are not being sufficiently recognised.
The main and most consistent result of the analysis concerns the perception of barriers among suppliers undertaking R&D. We find support for our assumptions that firms with stronger commitment to R&D, controlling for other factors, are more likely to perceive issues such as lack of demand for innovation, size of contracts, lack of capacities, rigid specifications and lack of risk management as important barriers to innovation in the context of public procurement. Since we lack data on relative R&D efforts of suppliers we are unable provide more refined results. Moreover, our results reveal a different perception between product and service innovation. This may be related to an overrepresentation of service sector activities in the sample and reflect the nature of innovation dynamics underpinning different public sector markets. It may also suggest that the public sector is less likely to trigger new product innovations and instead tends to adopt existing products in a responsive way.
In the light of these findings it may plausibly be concluded that the public sector is missing out on fully capturing innovation through procurement. The identified barriers may be preventing firms from increasing their commitment to R&D and their rate of (particularly product) innovations. Equally, it could be argued that innovative companies do not see the public sector as an intelligent customer and thus fail to exploit their full innovation potential. At the same time there is a danger that small firms are not able to get into contracts that would help them innovate.
These results are of high policy relevance. Recent initiatives in the UK directed at improving capacity, simplifying procedures, channelling feedback and concerns of SMEs (via e.g. the Mystery Shopper Scheme), and improving consistency in public tendering, can be assessed favourably in the light of these findings. Initiatives directed at centralising and streamlining procurement, while positive from the point of view of avoiding duplication and increasing efficiency, will need to be carefully designed not to further drive away small innovative suppliers and not to further disconnect suppliers from final users. These considerations notwithstanding, it is nevertheless surprising that the government have sought to mandate many of these changes only in central government and not in other parts of the public sector. As noted by the House of Lords (2011): 42, this "laissez faire approach to the dissemination of best practice in procurement from central to local government appears to be overly optimistic". Furthermore, and given the anxieties expressed by suppliers in relation to the lack of demand for innovation, concerns can also be raised in terms of what appears to be a diminished role for innovation vis-a-vis efficiency related considerations in government procurement in the UK (House of Lords, 2011; Uyarra, 2013) .
These considerations are particularly pertinent in the current economic crisis. As a consequence of the economic downturn, government efforts to 'capture innovation' through procurement are likely to diminish even further. For instance a supplier argued: "I think they've gone backwards. Best value when first came out was a good driver for innovation and has been forgotten about in the last couple of years with economic downturn". If true, it is short-sighted for government to pursue lowest price off-the-shelf solutions only to pay more not only over the life cycle of the purchase but also to cut itself off from the potential to transform cost and service quality through innovation.
Nevertheless, this study has some limitations. Firstly, because of the sampling strategy, the survey may not be an accurate reflection of the whole UK public sector, both in terms of functional areas and geographically. Secondly, it does not consider the view of organisations trying to access public sector markets and not succeeding. We suspect there is a pool of innovative organisations unable or unwilling to bid for public sector contracts because of the aforementioned barriers, however their views are not reflected here. Finally, our analysis is focused only on the UK which limits the extent to which findings and lessons can be generalised. It would be interesting to extend our empirical results to other countries also seeking to orient procurement budgets towards innovation. 
